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CAPTION 

t 
Figure  1 T h e o r e t i c a l  D i s t r i b u t i o n s  o f  H , 

Reaction (1) and i t s  reve r se  were taken  as t h e  source  and l o s s  

p r o c e s s e s  f o r  pro tons .  Hydrogen and a t o n i c  oxygen were assumed t o  be d i s t r i b u t e d  

accord ing  t o  t h e  h y d r o s t a t i c  equa t ion ;  t h e i r  c o n c e n t r a t i o n s  a t  500 km be ing  

t aken  as 7 x 1 0  cm and 2.7 x 1 0  c m  r e s p e c t i v e l y .  Only Coulomb 

d i f f u s i o n  was cons idered .  The numbers on t h e  curves  i n d i c a t e  t h e  r a t e  

c o e f f i c i e n t  of r e a c t i o n  (1) i n  u n i t s  of 1 0  cm sec . The upward f l u x  

of  p ro tons  a t  900 km, correspondinp t o  a r a t e  c o e f f i c i e n t  of 3.9 x 1 0  

is 1 . 3  x 1 0  p ro tons  cm sec , The oxygen ion d i s t r i b u t i o n  and t h e  pro ton  

c o n c e n t r a t i o n s  ( i n d i c a t e d  by c i r c l e s )  ob ta ined  by Taylor e t  a1 (1963)  are 

a l s o  shown. 
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The r e c e n t  reasurements  of  t h e  ion cornposit ion above t h e  r peak 

by Taylor, Brace s r i n t o n ,  and Smith ( 1 9 6 3 )  ?lace s o ~ e  c o n s t r a i n t s  on 

t h e  n a t n i t u d o s  of two ;?ammeters of i n t e r e s t  i n  t h e  hiEti atmosphere.  

2 

-9 - 

F i r s t ,  it is v e r y  probable  t h a t  t h e  c h a r p  exchange r e a c t i o n  

proceeds  r a 2 i d l y  enough (Rapp, 1363) t o  e s t a b l i s h  a chemical  e q u i l i b r i u r ,  

d i s t r i b u t i o n  of  t h e s e  s p e c i e s  i n  t h e  300 km t o  500 km r eF ion  (Hanson 

and Ortenburr ,er ,  1 9 6 1 ;  Bates and P a t t e r s o n ,  19611, If t h i s  is S O ,  then 

t h e  a t o n i c  hydrogen c o n c e n t r a t i o n  can be expres sed  as 

- 

where n(X) r e p r e s e n t s  t h e  c o n c e n t r a t i o n s  of s p e c i e s  X. The c o n c e n t r a t i o n  

of atnr?ic oxygen at ~ O O  kn d e r i v e d  from satel;.ite cii--ag t i d t c i  ( A .  Ancierson, 

p r i v a t e  communication) for t h e  time of t h i s  experiment  was approximately 

7 -3 
2.7 x 1 0  cm , Using t h i s  va lue  f o r  n (O) ,  and t h e  ion  c o n c e n t r a t i o n s  

v z iven  by Taylor e t  a l  !1963), t h e  atsmiz hydrogen c m c e n t r a t i o n  a t  500 krn 

is c a l c u l a t e d  t o  be 7 x 1 0  cm . 4 - 3  

Un t h e  o t h e r  hand,  t h e  va lues  of n(H) a t  500 km p r e d i c t e d  by Kockarts 

3 -3 4 -3 4 - 3  
and i l i c o l e t  ( 1 9 6 2 )  are 6.5 x 1 0  cm , 1.1 x 1 0  cm , and 1.9 x 1 0  cm 
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fo r  t empera tu res  of 1273OK, 1155OK, and 1059OK r e s p e c t i v e l y .  The tempera ture  

d e r i v e d  by Taylor  e t  a1 

cu rve ,  assuming plasma thermal -equi l ibr ium,  was 1235O 1 40°K, which is  probably 

(1963)  from t h e  s l o p e  o f  t h e  oxypen ion  d i s t r i b u t i o n  

an upper  l i m i t  f o r  t h e  a tmospher ic  tempera ture  s i n c e  t h e  i o n s  and e l e c t r o n s  

are probably  n o t  c o l d e r  t han  t h e  n e u t r a l  gas. The measurements of  n ( 0  + ) are 

q u i t e  r easonab le  and r e l i a b l e ,  and t h e  n ( 0 )  va lue  used i s  u n l i k e l y  t o  be 

i n c o r r e c t  by more than  a f a c t o r  of two; t h u s  it would appea r  t h a t  e i t h e r  

t h e  expe r imen ta l  va lue  fo r  n(H+) is t o o  l a r g e ,  o r  t h a t  Kockarts  and N i c o l e t  

(1962) have chosen t o o  small a va lue  f o r  t h e  sou rce  o f  a tmospher ic  hyrlroFen. 

Second, t h e  ra te  c o e f f i c i e n t  K f o r  r e a c t i o n  (1) can be  d e r i v e d  from 1 
+ a good n(H p r o f i l e .  The g r e a t e r  t h e  ra te  c o e f f i c i e n t ,  t h e  h i r , h e r  t h e  

chemica l  e q u i l i b r i u m  r e c i o n  w i l l  extend.  If t h e  hydrogen d i s t r i b u t i o n  

were i n  d i f f u s i v e  e q u i l i b r i u m ,  it would be imposs ib le  t o  t e l l  whether  r e a c t i o n  

(1) o r  d i f f u s i o n  c o n t r o l s  t h e  hydrogen d i s t r i b u t i o n  a t  a given a l t i t u d e .  If 

a q u a s i  s t e a d y - s t a t e  o b t a i n s ,  however, wi th  a f l u x  of  p r o t o n s  i n t o  o r  o u t  

of the magnetosphere,  a d i s t i n c t i o n  can be made (Nanson and Or tenhurcer ,  1951; 

Hanson and P a t t e r s o n ,  1963) .  

and ( 3 9 ) )  and m t h o d  o f  Hanson and Pa t t e r son  (19631, atter??ts were male t o  

F i t  t h e  measured hydrogen ion  p r o f i l e  u s i n g  K 

as a d j u s t a b l e  parameters .  

wi th  t h e  rneasurlel1lents of T-*- ' - -  I ay A ~ L  et a? (1963). The e f f ec t s  nf the F!c ions 

have been n e g l e c t e d .  I t  can be seen  from Figure  1 t h a t  a ra te  c o n s t a n t  o f  

K = 3.9 x 1 0  c m  sec f i t s  t h e  measured d a t a  reasonably  well, wi th  an  

upwar-d f l u x  of 1.3 x IO7 ~ r ' o t m s  cr: T h i s  v a l u e  for t h e  

ra te  c o n s t a n t  cor responds  t o  a r e a c t i o n  c r o s s - s e c t i o n  of 7.6 x 10 cm , 

- 
Usin? t h e  e q u a t i o n s  ( t h e i r  eciuat ions ( 2 8 ) ,  ( 2 9 )  

and t h e  f l u x  of hydropen i o n s  
1 

The r e s u l t s  are shown i n  F igure  1, t o p e t h e r  

t 

-10 3 -1 
1 

-2 
see-' at 900 kmn; 

-16 2 

The c a l c u l a t e d  upward proton f l u x  i s  smll compared t o  t h e  normal  

downward f l u x  o f  oxygen i o n s  through t h e  F peak;  t h i s  fac t  enhances t h e  
2 
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p o s i t i o n  of Hanson and P a t t e r s o n  (1963) t h a t  t h e  f l u x e s  of pro tons  between 

hemispheres are u n l i k e l y  t o  a f f e c t  t h e  i o n i z a t i o n  l e v e l  a t  t h e  F2 peak du r ing  

t h e  daytime, 

The expe r imen ta l  va lues  of  Taylor  e t  a1 (1363) f o r  t h e  pro ton  (and  

helium i o n )  c o n c e n t r a t i o n s  were obta ined  r a t h e r  a r b i t r a r i l y  from t h e  mass- 

spec t romete r  c u r r e n t  measurements, i n  t h a t  t h e  effects  of v e h i c l e  v e l o c i t y ,  

angle  of a t tack,  p o s s i b l e  changes i n  t h e  i o n  s h e a t h  dimensions wi th  ion  

c o n c e n t r a t i o n ,  and t h e  e l ec t r i c  drawing-in f i e l d  were a l l  lumped t o g e t h e r  

i n t o  one c o n s t a n t ,  This  procedure may d i s t o r t  bo th  t h e  magnitude and t h e  

shape o f  t h e  de r ived  l i g h t  ion d i s t r i b u t i o n s .  

p robably  n o t  as w e l l  determined a s  might be i n f e r r e d  from i n s p e c t i o n  of 

Hence, t h e  va lue  f o r  K is  
1 

Figure  1, bu t  i s  u n l i k e l y  t o  be wrong by more than  a f a c t o r  of t h r e e .  

It  should be noted  t h a t ;  ( a )  t h e  deduced v a l u e  f o r  t h e  ra te  c o e f f i c i e n t  

i s  i n f l u e n c e d  p r i m a r i l y  by t h e  shape o f  t h e  pro ton  d i s t r i b u t i o n  cu rve ,  and 

( b )  t h e  deduced atomic hydrogen concen t r a t ion  is  i n f l u e n c e d  by t h e  magnitude 

of n(H+) i n  t h e  lower a l t i t u d e  reg ion  b u t  n o t  by t h e  shape of t h e  pro ton  

d i s t r i b u t i o n  curve.  

I t  fo l lows  from ( a )  t h a t  v e r t i c a l  measurements of t h e  ion  d i s t r i b u t i o n s ,  

made by means of  sounding r o c k e t s ,  a r e  necessa ry  t o  o b t a i n  informat ion  about  

t h e  i n t e r a c t i o n  of t h e  va r ious  dynamic p r o c e s s e s  a f f e c t i n g  t h e  ion  d i s t r i b u t i o n s  

A d i r e c t  mass-spectrometer measurement of t h e  n e u t r a l  a tomic hydrogen 

c o n c e n t r a t i o n  is d i f f i c u l t  because of contaminat ion  problems. I t  would 

t h e r e f o r e  appear  from (b), t h a t  sa te l l i te  measurements of n!H+) i n  t h e  400 km 

t o  500 km r e g i o n ,  w i th  t h e  a i d  of equat ion  ( 2 1 ,  provide  a good means of 

o b t a i n i n g  t h e  g l o b a l  d i s t r i b u t i o n  o f  n(H). 
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